Social behavior-an action directed toward, or in response to, a member of the same species-is tightly regulated but also highly plastic. It is infl uenced by many internal (e.g., age, hormonal state, and experience) and external (e.g., time of day, availability of food, encounters with conspecifi cs) factors. The study of social behavior in the laboratory can be challenging because many facets of social behavior are optimally expressed under specifi c circumstances. In addition, social behavior is particularly sensitive to environmental factors that are affected by routine animal husbandry. The goal of this article is to review for new investigators and for animal facility staff the major factors that can affect animals' social behavior in the laboratory in order to optimize conditions for the laboratory analysis of social behavior. The authors outline a basic theoretical foundation about the study of social behavior, including the concept of umwelt, an animal's subjective sensory world. They then briefl y describe some of the most commonly studied social behaviors and a few examples of the basic methods to analyze these social behaviors. They discuss the potential effects of a facility's husbandry practices on social behavior and how to control these factors as well as possible, with suggestions of several new standard operating procedures toward this end. Although this paper focuses on rodents, the general principles apply to all species. The authors hope that the reader will consider all these factors when designing experiments or working in the animal facility.
Introduction
T he study of social behavior can be exceedingly diffi cult scientifi cally and logistically. Investigators new to the analysis of social behavior often fail to appreciate the minute details that can have profound effects on behavior.
Even the animal facility's routine day-to-day animal husbandry can be detrimental to the analysis of social behavior. The goal of this review is to help users of the laboratory animal facility (hereafter referred to as "investigators") and those who run the facility (hereafter referred to as "the facility") understand the factors that infl uence animal behavior in the laboratory in order to better support the effective study of social behavior.
We present the following aspects of studying social behavior in the laboratory: the goals of the investigator and the facility, a brief introduction to the analysis of social behavior, the importance of the natural ecology of the subject organism, practical considerations for the study of social behavior in the laboratory, and general husbandry practices that affect social behavior. A clear understanding of the factors that infl uence the study of social behavior in the laboratory will help optimize the design and execution of experiments in this area.
Goals of the Investigator and the Animal Facility
The goals of the investigator and of the laboratory animal facility are different. The investigator's primary goal is to conduct an experimental protocol as free from confounding factors as possible and under conditions as close to optimal as possible. The goals of the facility are to ensure adequate welfare of the animals, to comply with regulations, and to support the investigator's use of animals. Although these goals are intimately intertwined (e.g., optimal conditions include healthy, well-cared-for subjects) the differences between them can lead to logistical challenges.
The investigator's goal is singular in nature but its implementation is complex. Investigators approach problems from varying perspectives that affect what they require from the animal facility. An investigator testing hypotheses related to the function of ultrasonic vocalizations has very different facility needs from those of an investigator studying the neural circuitry of the muscular contractions for those vocalizations, and the needs of an investigator using the production of ultrasonic vocalizations as a measure of pharmacological effi cacy in a disease model are different from those of the fi rst two. This variety places the animal facility in a diffi cult position, as it must accommodate the needs of multiple investigators with markedly different scientifi c needs.
The primary objective of the animal facility is animal welfare, of which the goal, broadly defi ned, is to ensure that animals do not experience needless pain or suffering. Facility policy concerning animal welfare is frequently based on the Guide for the Care and Use of Laboratory Animals (NRC 1996 ; generally referred to as "the Guide"), which, to its great credit, is very fl exible. Scientifi cally, this fl exibility is imperative. Without it, investigators would have great difficulty conducting the broad array of experimental protocols currently used. However, the Guide's fl exibility also introduces some complexity, as the interpretation and implementation of some of its recommendations vary, sometimes considerably, among institutions.
Another goal of the facility is regulatory compliance. The consequences of failure to follow applicable regulations can be severe, ranging from ineligibility for future federal funding for the entire institution of which the animal facility is a part, to loss of license to operate, to criminal prosecution. A detailed description of the regulations and policies governing the use of laboratory animals is well beyond the scope of this article; we offer here a brief summary.
The federal Animal Welfare Act (AWA) was passed in 1966 and has been amended several times since (its current form is available online at www.nal.usda.gov/awic). It applies to cats, dogs, hamsters, rabbits, guinea pigs, and nonhuman primates, species that represent less than 20% of the animals used in laboratory research. The Act specifi cally excludes all avian species as well as two of the most commonly used laboratory species-rats in the genus Rattus and mice in the genus Mus-but covers rat and mouse species outside these geni, such as the California deer mouse (Peromyscus californicus) and the Nile grass rat (Arvicanthus niloticus). All facilities that use species covered by the Act must conform to its requirements; violation of the AWA regulations can result in criminal prosecution.
Institutions that receive Public Health Service (PHS) funding must also follow PHS Policy. Institutions that fail to do so are ineligible to receive PHS funding, which includes grants from the National Institutes of Health (NIH). Because NIH supports the bulk of research using animals, this is of major importance at most institutions that use animals. Private laboratories that receive no PHS funding are not required to follow PHS policy, however many voluntarily follow the Guide.
In addition to following federal regulations, facilities may also have to comply with state regulations. For example, all institutions in New York state that use laboratory animals are required to obtain a permit for their use, and the state Department of Health inspects each facility annually to ensure compliance with state regulations.
Finally, many facilities choose to follow nonmandated regulations that are more stringent and less fl exible than federal or state regulations. The most commonly adopted of these regulations are those of the American Association for the Accreditation of Laboratory Animal Care International (AAALAC). AAALAC represents the gold standard of animal care and conducts intensive peer-reviewed inspection for optimum standards.
Another important goal of the facility is to support the investigators' needs by providing technical support for research, the methods and accomplishment of which vary greatly. Large facilities with large budgets, such as those at many universities and research institutes, can provide extensive services, which may include veterinary assistance for anesthesia and surgery, rederivation of transgenic lines of mice or embryo transfer services, training and education, the provision of drugs, supplies, and equipment, and technical support such as blood collection and injections. Smaller facilities generally do not have the demand, the personnel, or the budget to provide the same range of services as a large facility.
What makes a successful laboratory animal facility? Not surprisingly, the investigator and the facility answer this question differently. Box 1 summarizes the defi ning features of an ideal animal facility from the perspective of both. In theory, these features are not incompatible-in fact, they are intimately related. For example, an investigator requires healthy, unstressed subjects from the facility, and an animal facility that successfully meets its own criteria should be able to provide such subjects.
The animal facility and the researcher have a complex partnership, but can achieve their goals by working together with communication, fl exibility, and education. In the remainder of this article, we describe approaches to this partnership that can optimize laboratory analysis of social behavior.
A Brief Introduction to the Analysis of Social Behavior
In order to study a phenomenon, one must fi rst defi ne it. But social behavior is rarely explicitly defi ned (most likely because the defi nition seems intuitive). Here, we defi ne it as behavior that affects or is performed in response to a conspecifi c. Although useful at a general level, this defi nition encompasses many behaviors (e.g., maternal, sexual, and agonistic) that are regulated by different brain regions and so is too broad to be useful in the study of the neurobiology of social behavior. It is therefore necessary to subdivide social behavior into narrower categories.
In one of his many classic papers, Niko Tinbergen (1939) suggested that when thinking about the formation of "interindividual relations," one should divide them in three components: the activities of organism A (the "actor"), "the means of communication proper," and the activities of organism R (the "reactor"). A full understanding of social behavior requires analysis of all three phases. As a simple and well-known example, consider anogenital investigation between unfamiliar dogs. Why does one dog (the actor) sniff the perineal regions of an unfamiliar dog (the reactor)? What information is the dog gathering? What is the nature of the cues that provide that information? Why does the unfamiliar dog allow the actor to engage in this behavior?
Social behaviors are often broadly grouped as sexual, affi liative, maternal, and agonistic. Although useful in some respects, this classifi cation scheme has two major limitations. First, the groupings are based on the presumed function or motivation of the behavior. This can be misleading. For example, one may be tempted to classify mounting behavior as a sexual behavior because one assumes that the underlying motivation is sexual. However, animals mount in nonsexual situations; for example, intermale mounting behavior in the rhesus macaque appears to be related to dominance displays and is thus a result of nonsexual motivations. Second, these broad classes of behavior comprise a spectrum of behavioral components, each with its own neural and physiological regulation. Barlow (1968) proposed dividing these broad classes into "units" for study and then determining the appropriate behavioral unit based on the question and needs of the study.
Social behavior is thus too broad a "unit" to be of much use in studies of the neurobiology of behavior because it includes behaviors that are likely to be regulated independently and by very different mechanisms. For example, maternal behavior and sexual behavior, which are both social behaviors, are expressed independently of one another, suggesting that the neural and physiological bases of those behaviors differ. In turn, each of these "units" can be further divided into narrower units; sexual behavior, for example, can be divided into male-typical (sometimes called masculine) and female-typical (sometimes called feminine) sexual behavior, and the latter in turn comprises still narrower units, proceptive and receptive behavior. Proceptive (also sometimes called solicitation) behavior is glibly described as "fl irting" and, in the rat, includes behaviors descriptively termed "ear wiggling" and "hopping and darting" (Erskine 1989) . Females exhibit receptive behavior to facilitate copulation; in female hamsters and rats, receptive behavior involves the display of a distinctive, stereotyped posture termed lordosis. While displaying lordosis, the animals freeze, arch their back to raise their fl ank, and move their Box 1 Qualities of an ideal animal facility from the perspectives of an animal facility director and a principal investigator
Laboratory animal facility director's view of an ideal animal facility
The facility is well run, clean, and compliant 
Investigator's view of an ideal animal facility
It provides -Flexibility (e.g., by scheduling cage changes around behavioral testing, accommodating the need for varying light cycles in different rooms) -Unrestricted access to animals -Plenty of space for housing, procedures (e.g., surgery), and behavioral testing (e.g., dedicated testing rooms) -Consistency (in staff, husbandry, and policies) -No or low per diem costs tail to the side. The hormonal and neural regulation of lordosis in the rat is well understood (Etgen et al. 1999; Pfaff et al. 2008) , making it among the best characterized behavioral units.
It is important both to identify the relevant unit of analysis and to appropriately integrate different behavioral units. An understanding of female-typical sexual behavior, for example, requires an understanding of the lordosis circuit (i.e., the brain regions underlying the display of lordosis) in the context of the organism and in its connections to other facets of female-typical sexual behavior. In natural or seminatural conditions, animals display proceptive and receptive behavior together. Without receptive behavior, proceptive behavior would not result in pregnancy. Likewise, proceptive behavior may enhance fertility by optimizing the reproductive physiology underlying ovulation, implantation, and pregnancy Erskine et al. 1989; Frye et al. 1996) . The following analogy illustrates the point: knowing how a car's starter motor, fuel injector, and spark plug each work does not help one understand how the car works-one must also understand the relationship among these elements. Similarly, characterization of the neural circuitry and hormonal basis of lordosis in the rat does not equate to an understanding of the animal's copulatory behavior. Lordosis must occur in the context of a behavioral interaction between the female and a male for successful reproduction to result, so it is essential to understand the link between the circuitry underlying lordosis and other female reproductive behaviors.
Balancing Natural Ecology and Animal Husbandry for Subject Organisms
Natural ecology refers to the habitat, diet, activity pattern, and other species-specifi c features of animals outside the laboratory. There are profound differences in the natural ecology of common laboratory species such as rats, hamsters, mice, rabbits, cats, dogs, zebra fi nches, budgerigars, and rhesus macaques (and even the average undergraduate). Such differences include wide variation in the duration and circadian timing of activity among these and other laboratory species (examples of which are listed in Table 1 ), and even the lack of any pattern among a surprising number of species. Table 1 The reported circadian activity pattern of selected species. Diurnal animals are active primarily during the day. Nocturnal animals are active primarily during the night. Crepuscular animals are most active during twilight, at dusk and dawn. Cathemeral animals are intermittently active throughout a 24-hour period. The pattern of activity in many species is highly plastic and heavily infl uenced by environmental factors, as under some conditions the animals display diurnal activity and under others nocturnal activity. The references are representative citations from the peer-reviewed literature and are not intended to be comprehensive.
Species
References Comments
Diurnal
Octodon degu (Jechura et al. 2006) Lab-bred Nile grass rat (Arvicanthis niloticus) (Katona and Smale 1997; Refi netti 2006) European rabbit (Oryctolagus cuniculus) (Jilge 1991) Under some laboratory conditions Golden hamster (Mesocricetus auratus) (Gattermann et al. 2008) In the wild Ringdove (Streptopelia risoria) (Paredes et al. 2006 ) Dog (Canis canis) (Lucas et al. 1977 (Kolb 1986 ) (Jilge and Hudson 2001) In the wild In the laboratory Golden hamster (Mesocricetus auratus) (Gattermann et al. 2008 ) (Pratt and Goldman 1986) In the laboratory In the laboratory in a seminatural environment Siberian hamster (Phodopus sungorus) (Refi netti 2006) Mouse (Mus musculus) (Wersinger et al. 2007b ) Laboratory rat (Rattus norvegicus) (Goff and Finger 1966) Crepuscular Octodon degu (Ocampo-Garces et al. 2006) Wild-caught Mongolian gerbil (Meriones unguiculatus) (Pietrewicz et al. 1982) Natural lighting conditions
Cathemeral
Mongoose lemur (Eulemur mongoz) (Curtis et al. 1999) Observed in wild
It is critical to account for the natural ecology of each subject species. But many common husbandry practices are designed for effi ciency and disease control without taking into account the natural ecology of the animals, and this approach can have profound effects on the animals' behavior, especially since, as can be seen in Table 1 , there is inconsistency in the literature about the activity pattern of some species. For example, the European rabbit (Oryctolagus cuniculus) is primarily nocturnal in the wild (Kolb 1986) , whereas laboratory rabbits are diurnal under some conditions (Jilge 1991) and nocturnal under others (Jilge and Hudson 2001) . Similarly, the golden hamster is diurnal in the wild, but nocturnal in the laboratory (Gattermann et al. 2008) . Apparent inconsistencies such as these, along with a lack of information on some species, can make it very diffi cult to account for a subject organism's natural ecology.
The Concept of Umwelt
The concept of umwelt-the subjective world perceived by an animal through its sensory abilities-was fi rst introduced into the biological literature in the early 20 th century by Jakob von Uexküll (Dyer and Brockmann 1996) . The umwelt of a typical human is intuitive since most humans have a similar sensory experience of the world; the umwelt of other species can be similar to or vastly different from that of humans (e.g., the chimpanzee and the goldfi sh, respectively). The laboratory animal facility is routinely viewed from the human perspective rather than the animal perspective and this can lead to suboptimal conditions for research animals. Given that such conditions can have profound effects on behavior and physiology, it is critical to consider the umwelt of each individual species. Because most laboratory animals are rodents, we discuss their umwelt in some detail.
A mouse's umwelt is markedly different from that of humans. The mouse is capable of detecting and perceiving UV light (Calderone and Jacobs 1995; Gouras and Ekesten 2004; Jacobs and Williams 2007) and of producing and hearing ultrasonic frequencies that humans are unable to perceive (Noirot 1970; Portfors 2007; Whitney et al. 1973) . Although not as well quantitated, the olfactory abilities of the mouse also differ from those of humans. Thus, a facility that appears quiet, appropriately lit, and free of malodorants to a human may not be to a mouse.
Noise in the Animal Facility
The experience of noise provides an effective illustration of the importance of umwelt in the laboratory animal facility. Noise has many negative effects on animals-it disrupts fertility, alters the sleep-wake cycle, and is stressful-so it is essential to control it for the animals' welfare as well as to optimize research results. Sonic noise (e.g., from fi re alarms, cage wash machines, voices, routine husbandry, motorized equipment, and the heating and cooling [HVAC] system) is relatively easy to control because facility staff can easily detect it. But humans are unable to perceive the ultrasonic vocalizations of rodents, and so may simply assume that procedures such as blood collection, restraint, and decapitation do not generate sounds that could be alarming to other animals in the colony. Such vocalizations are loud (80 or more dB) and affect the behavior of conspecifi cs in many ways (Barfi eld and Thomas 1986; Noirot 1970; Portfors 2007; Sales 1972) ; failure to control for them could alter the behavior of the subjects and introduce a confounding variable.
Consideration of the rodent umwelt makes it clear that procedures that may elicit vocalizations should take place in a location that will not permit those vocalizations to reach other animals (unless that is part of the experimental design). In small vivariums, the location of animal holding rooms tends to be more limited or less fl exible. However, we note that staff offi ces and lunchrooms are typically located as far as possible from the cage wash room, animals with vocalizations audible to humans (e.g., barking dogs or squealing pigs), or other noise-producing sources to protect human workers from the effects of chronic exposure to noise. We believe that consideration of room location for the animals should take precedence, because staff offi ces and lunchrooms can be located outside the facility.
Sources of Noise
A facility's noise control procedures must take into consideration the great variation among species in their sensitivity to sound frequency (see Table 2 ), but logistically the control of noise can be very challenging in an animal facility. It is diffi cult enough to limit the noise audible to humans, much less to limit noise that facility staff can't hear without special equipment. Not only is the sonic background noise in a typical animal room surprisingly high, but also motorized equipment (e.g., HVAC, cagewashers), fi re alarms, CO 2 tanks, and doors can emit high-frequency noise detectable by rodents. The jingle of metal keys on a ring is a loud cacophony of ultrasound. Even rubbing cloth (as of clothing during movement), crinkling paper towels, electric motors, air fl ow, and lighting all generate ultrasound, as does the contact of metal cage lids with plastic cages and of metal cage card holders with any surface. (Polycarbonate lids contacting polycarbonate cages also generate sound and ultrasound, although at a relatively low intensity; personal observation, SRW.) It thus seems likely that routine cage changes, which cause the constant contact of metal on metal near the animals, are loud and extremely stressful to the animals. At least one study has quantifi ed the intensity (in dB) and the frequency of ultrasonic emission of some laboratory sources (Sales et al. 1988) ; the study found that the simple twisting of a rubber stopper in glassware, which creates a sound relatively innocuous to a human, emitted ultrasound of 122 dB at 0.5 m, a level louder than a lawn mower or a motorcycle. At 125 dB, humans experience pain.
Fortunately, because of its short wavelength, ultrasound fails to penetrate physical barriers well. Thus the ultrasonic vocalizations of a mouse do not pass through the walls of a standard plastic cage and, depending on the particular setup, the animals may have some protection from ambient ultrasound. However, during common events such as cage changes, the animal may not be afforded protection.
Bat detectors can be useful for monitoring and identifying high-frequency noises. We highly recommend that anyone with access to such equipment move around the animal facility listening to the level of background ultrasound.
Impacts of Noise
A key question is to what extent this noise may be detrimental to the animal's well-being. Several reviews (Newton 1978; Rabat 2007; Turner et al. 2005; Willott 2007 ) provide compelling evidence that excessive noise is detrimental to animals. Studies have found that exposure to noise can result in hearing loss in many species and, in rats, sleep disturbances (Rabat 2006) , reduced fertility (Gamble 1976) , activation of the hypothalamic-pituitary-adrenal axis (Henkin and Knigge 1963) , and changes in cardiovascular structure and function Table 2 A general comparison of the sensory abilities of commonly used laboratory species. The range of sound sensitivity at about 50 db (the level of typical human conversation) is an estimate from the literature. There can be large variation in the reported values. Color vision is related to the number of photopigments in retinal cones. Humans are trichromatic (i.e., they have three cone photopigments). In addition to color photopigments, some species have photopigments sensitive to ultraviolet wavelengths. From the table, it is clear that common laboratory species experience the world very differently. For excellent and comprehensive reviews of hearing and color vision in many species, we refer the reader to Fay (1988) and Jacobs (1981) . Unless specifi cally cited, the range of hearing listed is based on Fay's book.
Species
Range of sound (Hz) perceived (at about 50 dB)
Color vision
Ultraviolet (UV) sensitivity
Cat (Felis catus) 60 to 64,000<x<91,000 Yes (Ringo et al. 1977) No positive reports (Peichl 2005 ) Dog (Canis canis) 40-60,000 Yes; dichromatic (Neitz et al. 1989) No positive reports (Peichl 2005 ) Goldfi sh (Carassius auratus) 30-5,000 (Fay and Popper 1974) Yes; six photopigments reported to date (Neumeyer and Arnold 1989; Tsin et al. 1981) Yes (Bowmaker et al. 1991) Human (Homo sapiens) 20-20,000 Yes; trichromatic (Schnapf et al. 1987) No positive reports (Peichl 2005 20-4,000 (Heise 1953; Yodlowski et al. 1977) Yes; pentachromatic (Bowmaker et al. 1997) No (Carvalho et al. 2007 )
Rabbit (Oryctolagus cuniculus)
250-45,000 (Heffner and Masterton 1980) Yes; dichromatic (Nuboer 1971) No positive reports (Peichl 2005) Rat (Rattus norvegicus) 500-64,000 (Kelly and Masterton 1977) Yes; dichromatic (Jacobs et al. 1991 Yes; dichromatic (Schnapf et al. 1988) No positive reports (Peichl 2005) African clawed frog (Xenopus laevis) 40 to 2000 (Elepfandt et al. 2000) Yes (Yokoyama and Radlwimmer 2001) Probably not (Hunt et al. 2001; Takahashi and Yokoyama 2005 ) Zebra fi nch (Taeniopygia guttata) 500-8,000 (Okanoya and Dooling 1987) Yes; at least pentachromatic (Yokoyama et al. 2000) Yes (Bowmaker et al. 1997; Hunt et al. 1997 ) (Alario et al. 1987; Paparelli et al. 1995) . Noise also alters behavior in many species and may interfere with normal communication between conspecifi cs, a highly undesirable outcome for studies of social behavior. Thus, whether the effect of noise is physically detrimental or not, it introduces a confounding variable if not well controlled.
Other related variables may affect animal welfare and research results. Some species, such as pigeons, are capable of perceiving very low frequency sounds, termed infrasound (Schermuly and Klinke 1990; Yodlowski et al. 1977) . Infrasound, generated by natural phenomena such as airfl ow over mountains and movement of the ground, passes through physical barriers relatively unimpeded and is therefore very diffi cult to control. There is little evidence that infrasound is a major source of noise in the laboratory animal facility, but this may be because it is not easily measured. Last, vibrations-from motorized equipment or construction in neighboring buildings-are known to disrupt fertility in rodents and humans (Penkov and Tzvetkov 1999) .
For all the reasons described here, the reduction of noise and vibrations is essential to scientists who study social behavior in animals as these environmental effects profoundly infl uence behavior and are often overlooked by animal facilities.
Odor
Odors are another critical component of an animal's umwelt. The human sense of smell has less sensitivity and acuity compared to that of many other mammalian species. In addition, humans tend to ignore odors that are not noxious or very strong. Many nonhuman species, however, depend heavily on odor cues for their behavior and physiology.
In an early vivid illustration of the infl uence of odors, Hilda Bruce (1959) noted a marked decrease in the fecundity of her breeding colony of mice. After systematic study, she concluded that chemosensory cues (here appropriately termed pheromones) from unfamiliar male mice caused mated female mice to abort their litters. This pregnancy block, known as the Bruce effect, is an example of the profound effect odor cues can have on an animal's physiology and behavior.
Given these and other potential effects, the investigator and the animal facility must control odors (including perfumes/colognes and cleaning solutions) in the facility. In larger facilities, the use of ventilated racks reduces the exposure of animals to odor cues from other cages since each cage has its own air supply. Most facilities, however, must worry about controlling odors from conspecifi cs. The use of cages with fi lter tops can help control odors as can housing males and females in separate rooms. See Kelliher and Wersinger (2008) for a more detailed discussion of olfactory effects.
Day Length
It is also critically important to consider the animal's response to light. Because daylight dramatically affects the behavior and physiology of virtually all animals, researchers and facility staff must carefully consider the effects of light on new subject organisms in the laboratory and adopt the optimum light cycle for them.
There are two main features associated with lighting in the facility: the length of night/day and the time at which the lights turn off (we discuss this in the next section). Again, there are great species differences in how these affect behavior. Some species, such as Syrian hamsters, are long-day breeders-with 16 hours of light and 8 hours of dark, gonadal function is normal and circulating androgen levels are high. The shift of reproductively competent male Syrian hamsters to a short day (8 hours of light, 16 hours of darkness) causes gonadal recrudescence and atrophy of the gonad (Heideman and Bronson 1993; Karp et al. 1990; Steger et al. 1982) . Interestingly, however, gonadal function of a male Syrian hamster that has moved from short days to long exceeds that of a male maintained on long days. Other species are short-day breeders; sheep are a classic example of animals that become reproductively active on a short-day photoperiod (Lincoln and Peet 1977; Lincoln et al. 1986 ). And still other species seem to be insensitive to the effects of day length; for example, the opportunistic tropical zebra fi nch appears to breed well irrespective of photoperiod (Perfi to et al. 2008) , and laboratory mice and rats breed reasonably well on both long-and short-day photoperiods.
In addition to day length, the level of light exposure during the dark can affect behavior. Several studies have investigated the effects of light levels that approximate those of twilight and moonlight (Kavanau 1962 (Kavanau , 1967 (Kavanau , 1968 Kavanau and Peters 1976b) .
Circadian Rhythms
The activity of most species varies over the day (Table 1) , but virtually all species studied exhibit circadian rhythms in their physiology and behavior. The laboratory mouse, hamster, and rat are primarily nocturnal, whereas avian (e.g., Zebra fi nches and budgerigars) and primate species (e.g., humans, rhesus macaques, and squirrel monkeys) tend to be diurnal. Crepuscular species, such as the musk shrew, dog, and cat, are most active around dawn and dusk. Recently the term cathemeral has been introduced into the primate literature to describe the activity pattern of some lemur species, which are intermittently active over a 24-hour period-the animals do not limit their activity to day or night, light or dark, but rather demonstrate bursts of activity in both.
To maximize the expression of social behavior, studies must take place during the appropriate part of the animal's day. Think of human behavior: the level and type of social behavior among humans at lunchtime is markedly different from their behavior when awakened in the middle of the night. Investigators who study social behavior are well aware of these effects on animals as well and design their studies accordingly, by, for example, requesting reverse light:dark cycles so that research personnel can test subjects at an hour that is compatible with normal human activity (which would normally be during the animal's subjective night). There is a caveat, however: in some species, the activity rhythm may not correspond fully with the peak expression of the behavior of interest. For example, although the pattern of wheelrunning activity in the Nile grass rat (Avicanthis niloticus) is clearly diurnal (Katona and Smale 1997) , peak levels of mounting behavior by males occurred at lights-on and lightsoff, and peak levels of lordosis in females occurred shortly before lights-out (Mahoney and Smale 2005) .
Since the timing of the animal's activity (including feeding, locomotion, and social behavior) is directly related to the light cycle (Chabot and Menaker 1992; DeCoursey 1986; Hakim et al. 1991; Honma and Honma 1999; Honma et al. 1978; Landau 1975; Shimomura et al. 1998; Sofia and Salama 1970) , it is imperative to carefully control this cycle and to test behavior at the appropriate time. As one dramatic example, in the female rat, behavioral proceptivity and receptivity are tightly coupled to the onset of darkness (BrownGrant 1977; Hagino 1968; Hardy 1970; Meyerson and Lindstrom 1973; Schwartz 1982; Singh 1969; Weizenbaum 1976) . The mechanism turns out to be physiological: the onset of darkness triggers the hormonal changes that underlie behavioral receptivity (and the preovulatory luteinizing hormone surge) (Blake 1976; Legan and Karsch 1975) . A study of proceptivity in the rat that tests during the light phase will yield little observable behavior; however, tests that take place shortly after the lights go out will reveal robust copulatory behavior. An investigation of copulatory behavior in a diurnal species such as the grass rat (Arvicanthis niloticus) would reveal the opposite pattern (Mahoney et al. 2004 ).
Husbandry Considerations
In terms of husbandry, variations in circadian activity rhythms pose some challenges. First, animal personnel must care for the animals during their work hours (7:00am-3:00pm in many facilities). Second, facility staff must be able to see what they are doing. Because of these two factors, the light cycle of most animal rooms is about 12 hours of light and 12 of dark (12L:12D), with the lights on at 0700h and off at 1900h. This system enables caretaking staff to see when they work and monitor the animals, veterinary staff to examine and treat animals, and researchers to work with their animals. However, the light phase is the sleep phase of rodents and many other nocturnal species, so the cleaning of rodent cages during the light phase is akin to housekeeping staff cleaning a hotel room in the middle of the night. It disrupts the animals' sleep patterns, induces stress, and likely has dramatic effects on the rodents' display of social behavior (although it may have little effect on some research models, such as in vitro cardiac electrophysiology). 1 Ideally from the viewpoint of investigators studying social behavior in nocturnal species, the light cycles should be reversed in the rooms so that cage changing and other manipulations occur during the animals' active phase and the animals can sleep undisturbed in the light phase. If the active phase occurs in the dark, great care must be exercised to avoid exposing subjects to stray light. Altering the timing of the light cycle so that lights go off at 1000h and turn back on at 2200h enables cage changes to take place in the morning, which is late in the animals' subjective sleep cycle and thus somewhat less disruptive (especially as rodents anticipate the onset of their active phase and increase activity beforehand).
Irrespective of the time lights turn on and off, animals' exposure to light during the dark phase of their cycle can be disruptive to the analysis of social behavior. In hamsters, just two 10-minute pulses of light can alter their circadian clock (Milette and Turek 1986 ); and it is commonly known among those who track the cycle of rats using vaginal smears that the short exposure to ambient light that results when the door to the animal room is opened affects the animals' cycle profoundly. Indeed, those studying estrous cycles are particularly fastidious about their colony's exposure to light. Since, inevitably, facility and research personnel must enter the rooms while the lights are out, some laboratories have installed light-tight darkroom doors. Although an excellent solution, facility staff must be able to remove these doors to bring clean cages and racks into the room. Other laboratories hang heavy curtains over the doorway, and newer facilities often have procedure rooms outside the animal rooms; turning off the light in the procedure room before entering the animal room minimizes the amount of light entering the animal room. Other alternatives include ceiling-mounted bulbs, which facilitate the human ability to see in a room that appears dark to a rodent; red bulbs in portable lamps or mechanic's lamps; and windows that allow personnel to see in and out of the animal room (covering these windows with cardboard or red plastic inserts limits the animals' exposure to light).
Many new facilities have two sets of lights, one set with typical fl uorescent bulbs, the other with red lights, because, according to the conventional "wisdom," dim red light has no effect on the circadian rhythm of laboratory rodents. This belief is based in part on the fact that exposure to dim red light does not appear to readily entrain circadian activity rhythms, so it is common practice to change the cages of rodents housed in constant darkness under dim red light (Wersinger et al. 2002) . Furthermore, under both scotopic (low levels of light, detected primarily by the rods) and photopic (high levels of light, detected by the rods and the cones) lighting, the electroretinogram of the rat shows a rapid decrease in relative sensitivity to wavelengths of light above about 600 nm. This is consistent with reports that the photopigments in the rat and mouse have peak absorbences well under this wavelength. Therefore, convention has held that light sources that emit only long wavelengths can be used in animal rooms to allow facility and research staff to see surprisingly well without affecting the animals' physiology or behavior.
However, red light may have an effect on the animals' behavior and physiology. An LED light (1 lux at a peak of 652 nm) was reported to affect the period of locomotor activity in mice housed in constant darkness (Hofstetter et al. 2005) . We therefore urge investigators and facility personnel to minimize the exposure of subject animals to all light and to avoid the assumption that laboratory rodents are unable to detect dim red light.
There are different concerns for lab species that are crepuscular (i.e., active at dawn and at dusk) rather than nocturnal (see Table 1 ). Lab animal facilities typically control light cycles with automated light timers, which switch the lights on and off and cause an abrupt shift from complete daylight to complete darkness, a transition that does not mimic nature. Timers that can change the light gradually to mimic twilight may be preferable for studying social behavior in these species, although a natural transition may be important in many species, not only crepuscular species (Boulos et al. 1996a,b; Kavanau and Peters 1976a) .
Most facilities do not have windows in animal holding rooms because they increase the challenges of controlling temperatures, light intensity, photoperiod, and security. But the fl uorescent lighting that is common in laboratory animal facilities provides a much narrower range of wavelengths than sunlight. Research on humans has shown that full spectrum lighting improves physical and mental health; similarly, fl uorescent lighting that closely matches the spectral energy distribution of sunlight is important in animal research facilities. For example, lack of sunshine can affect animals' maturation and mating habits; research indicates that animals bred under non-full-spectrum lighting have undersized sexual organs (Osol et al. 1984) . Full spectrum fl uorescent bulbs may therefore be an important consideration particularly in rooms that house animals in social behavior studies.
Practical Considerations for the Study of Social Behavior in the Laboratory
The laboratory study of social behavior entails the use of a wide variety of assays under a broad spectrum of testing conditions, but there is an unfortunate tendency for those unacquainted with social behavior research to underestimate its logistical complexities. These include the consideration and control of criteria such as the age of the stimulus and subject animals, their sex, stage of the estrous cycle, diet, day length, time of day, season (even in the laboratory), housing condition, sexual experience, and social experience, to name a few. Each of these factors can have profound effects on social behavior. Lack of control of even one of them (e.g., testing the moment the lights turn off vs. testing just before the lights come on) may confound the data and result in erroneous conclusions or failure to notice effects specifi c to a set of testing conditions. The study of copulatory behavior, for example, may at fi rst seem straightforward: in essence, a subject is paired with a stimulus animal and the ensuing behavior analyzed. But such research is deceptively complex, requiring consideration of many factors that profoundly infl uence the display of behavior in this simple testing paradigm. What age should the subject be? What is the subject's reproductive condition (e.g., stage of the estrous cycle)? Which stimulus animal will be used? Will the testing take place in the light or in the dark? What time of day will the testing occur? How large will the testing chamber be? Will the subject be singly or group-housed before the experiment? All of these factors infl uence the display of copulatory behavior.
Once these criteria are decided, which testing paradigm should be used? Typically, a receptive female is placed in the home cage of a sexually active male. Is this standard paradigm the appropriate one to use? Although it has been very useful for studying many aspects of copulatory behavior, a number of studies show that it fails to allow the female to regulate the interaction as she might in a natural setting (Erskine 1985; Mermelstein and Becker 1995; Paredes and Vazquez 1999; Pfaus et al. 1995) . Thus, the choice of the testing paradigm also affects behavior dramatically and requires careful consideration of the investigator's scientifi c question.
The Natural versus the Laboratory Environment
Some scientists argue that the laboratory setting does not allow the observation and study of "natural" behavior, others that as long as the behavior under study is similar to that observed in the wild, the concern is irrelevant. For example, maternal behavior observed in the laboratory rat appears to closely resemble that reported in wild rats. In contrast, as anyone who has attempted to breed wild-caught species (such as the vole or chickadee) can attest, some behaviors are exceedingly diffi cult to generate in the laboratory. In these cases, it is necessary to establish either a laboratorylike setting in the environment or to approximate in the animal facility some characteristics of the natural environment (Adams et al. 1985; Arakawa et al. 2007; Blanchard and Blanchard 1989; Fernald 1995; Groothuis and Ros 2005; Mennerat et al. 2005; Mossman and Drickamer 1996; Potts et al. 1991; Ragnauth et al. 2005; Scheibler et al. 2006) .
For the scientist the advantages of the laboratory approach over fi eld studies are control of variables, daily access to the subjects, avoidance of trapping, and control of nutrition and health. For the lab animal facility, a naturalistic environment poses several challenges, the most significant of which is compliance with regulations governing cleaning and sanitation. Additional concerns are availability of space, lack of visibility of animals, and inability to capture subjects. Naturalistic environments may use dirt for bedding, real plants, rocks, natural light, natural foods (e.g., insects), and require housing in large chambers or entire rooms. The ability to sanitize every component of the housing in the cage washer is a logistical concern for the facility and may not be possible. Monitoring the animals' health-a natural environment compromises the ability to control or treat for disease-and controlling breeding are further challenges. Overall care may be more labor intensive if plants need watering, special diets need preparation, or the environment needs hand picking.
Apart from the complexities of a natural environment, some testing paradigms require specialized caging or housing that can raise concerns from the facility's perspective. Standard cages are readily available, require little extra room for storage, and are easily sanitized, whereas large testing chambers require more space and testing must often be conducted in a room separate from the colony. These cages and chambers can be challenging to sanitize. Their components often cannot withstand autoclaving or the high temperature of a cage washer. Chambers with electronic components cannot be fully sanitized as chlorine-based chemical sanitizers and water can corrode and destroy electronic equipment. Custom and specialty cages are often built with materials that are readily available, easy to work with, and inexpensive; we recommend that, when constructing (or replacing) such cages, the investigator should work with the facility to use materials that can be easily sanitized.
Identifying and Measuring Behaviors
In addition to decisions concerning the testing condition, the investigator must determine which behaviors to measure and how to quantify them. For example, the latency to the fi rst display of the behavior, the number of displays observed, and the total time spent displaying the behavior can all be measured. Which is (are) most important to use? Familiarity with the species under study is critical because there are marked species differences in the pattern of behavior and therefore in the appropriate measure.
Intromissive behavior provides a particularly clear example of this concept. In the rat, the most appropriate measure of such behavior is the number of intromissions rather than their duration, as each individual intromission occurs so rapidly that it is very diffi cult to accurately quantify its duration. For mice, on the other hand, the number of intromissions is a poor measure of the interaction as the duration of each varies greatly, from less than 1 second to well over 10 seconds (McGill 1962) . Thus the number of intromissions is commonly used as the relevant measure in the rat, whereas the duration of intromissions (both the total duration and the mean duration per intromission) is more appropriate in the mouse.
Agonistic Behavior
Agonistic behavior is generally defi ned as the offensive and defensive behavior associated with fi ghting between conspecifi c organisms. Its regulation is extremely complicated. Many books and papers have extensively reviewed the hormonal and neural regulation of offensive aggression in male organisms (de Almeida et al. 2005; Gollan et al. 2005; Miczek et al. 2007; Mong and Pfaff 2003; Nelson 2006 ) but, as above, the study of this behavior raises questions about identifi cation and measurement.
Two animals are placed together and are allowed to interact. They fi ght. Which behaviors should be measured? Which are measures of agonistic behavior and which are measures of other types of behavior? The nature of the behavior is species specifi c-the threat display of a dog is markedly different from that of a rat, although both displays are clearly threats. Is the number of observations of a behavior as meaningful as the total time spent engaged in the behavior? Is an animal that attacks more quickly more aggressive? How can the intensity of aggression be measured? These are diffi cult questions to answer, and a detailed discussion is well beyond the scope of this article.
Questions about measurement criteria and methods are critically important. There is no clear consensus among investigators about the optimal experimental paradigm to measure aggression. Most experiments use an adaptation of one of several popular paradigms for the study of agonistic behavior in the laboratory. Resident-intruder tests introduce a stimulus animal into the home cage of the subject. In a neutral-cage paradigm the stimulus animal and the subject meet in a cage that is novel to both animals. Competitive paradigms combine these two paradigms with the introduction of a limited resource such as food, water, or mates.
There is great diversity among species in agonistic behavior, and even within species there is individual and strain variation (Crawley et al. 1997; Le Roy et al. 1998; Miczek et al. 2001; Ogawa and Makino 1984; Sankoorikal et al. 2006 ). For example, female mice generally display little attack behavior toward an intruder of either sex unless they have recently delivered a litter (Gammie et al. 2003; vom Saal 1979; Wersinger et al. 2007a) . Female golden hamsters, in contrast, attack intruders quickly and intensely even in the absence of a litter (Payne and Swanson 1972; Potegal et al. 1996; Vandenbergh 1971) , except at the time of estrus and behavioral receptivity, when they tolerate the presence of an intruder long enough to copulate.
Given these species differences, the careful selection of the testing paradigm, the experience of the animal, group or single housing, time of testing, and other factors are critical. With respect to the testing paradigm, the size of the cage is likely to exert a major effect on the behavior. For example, a resident male mouse generally responds to a male intruder with a series of threat displays. If the intruder ignores these displays and fails to leave the resident's territory, the resident resorts to physical attack behavior. The intruder then typically responds with submissive behavior and, eventually, fl ight. In a standard cage, the intruder is unable to fl ee the resident's threat displays and so the interaction is likely to result in an attack. For studies of attack behavior, this is an excellent paradigm. If, however, an investigator is interested in the ability of submissive behavior to delay an attack, this may not be a great paradigm; in a large cage, the resident and the intruder can avoid each other and the option to fl ee is viable.
As several laboratories have shown, the social experience of an animal has profound effects on its social behavior (Blanchard et al. 2001a; Bowler et al. 2002; Edinger and Frye 2007; Kaiser et al. 2007; Nyby et al. 1978; Wang et al. 1997) . Early social experience may be of paramount importance in the development of behavior, but it is very diffi cult, even in the laboratory, to control the social experience of subjects. Differences in early social experience between transgenic and control animals can confound the experiment if one is not careful. As a hypothetical example, imagine a genetic manipulation that results in a slight defi cit in motor coordination. In a typical caging situation, normal and mutant animals are group housed until after puberty and often into adulthood. If animals with this slight defi cit fi ght with normal animals, the mutant animals will be more likely to lose. Because scientists know that mice that continually lose fi ghts engage in submissive behavior, in behavioral assessments of these animals it is impossible to distinguish between the direct effect of the genetic manipulation and secondary effects resulting from the animal's altered social experience.
The novelty or familiarity of a testing environment affects social behavior, including aggression. To establish a territory, a male often uses a variety of chemosensory cues to mark it; most people have observed male dogs, for example, marking their territory. Males of many other species engage in similar behaviors. In the laboratory, each time a male's cage is changed, he is in a novel environment and must reestablish his territorial markings. The frequency of cage changes and the procedure used for them are critical from the investigator's perspective. One of the authors (SRW) coordinates cage changing with behavioral testing: if testing is to occur on cage-change days, the facility provides clean housing and the investigator places the animals in the clean cages after testing. We discuss issues related to housing conditions in detail below as they apply to all social behavior.
Other factors related to housing also have profound effects on neurochemistry and agonistic behavior in many species. Group-housed male mice, for example, are less aggressive than their singly housed counterparts. If one decides group housing is optimal, how does one control the animals' social experience? Some researchers routinely house male subjects with ovariectomized females, a practice that appears to avoid the effects of single housing without the confound of the formation of intrasex dominance hierarchies. Female golden hamsters, by contrast, are solitary organisms in the wild and should be singly housed in the laboratory. For these reasons the determination of the housing condition must depend on the research question and the species used, rather than the animal facility's standard operating procedure.
Some researchers studying social behavior prefer to house animals singly to control the animals' social conditions. Group-housed animals of many species rapidly form social hierarchies, and a great deal of research has demonstrated that in many species dominant animals exhibit social behavior that differs markedly from subordinate animals. In theory, experimental manipulations could indirectly alter these hierarchies, and consequently social behavior, rather than altering the function of the brain regions that regulate social behavior; one might then erroneously conclude that the experimental manipulation exerts a direct rather than an indirect effect on social behavior.
Imagine, for example, a genetic manipulation that delays the growth of a mouse. Smaller mice generally lose in aggressive interactions and become subordinate animals, which have longer attack latencies than dominant animals when tested in a resident-intruder paradigm. Thus, the smaller transgenic mouse would display a longer attack latency than the larger wild-type mouse. A researcher might conclude that this is because the gene that was manipulated plays a role in aggressive behavior-and the researcher would clearly be wrong. The alteration in aggressive behavior is due to indirect effects of the genetic manipulation on body size. Since behavior associated with aggression and the formation of dominance hierarchies increase dramatically around the time of puberty (Terranova et al. 1998) , housing the male mice singly or with female mice reduces the opportunity for dominance hierarchies to form. This in turn reduces the likelihood that dominance status (as a result of small body size) will confound the results and allows for a more accurate assessment of the gene of interest's role in aggression.
The Guide recommends that, "Whenever it is appropriate, social animals should be housed in pairs or groups, rather than individually, provided that such housing is not contraindicated by the protocol in question and does not pose an undue risk to the animals" (NRC 1996, 26) . Depending on the species, social interaction may be an important facet of the organism's natural ecology. This appears to be the case with rats and mice. The neurochemistry and behavior of singly housed mice and rats are different from those of group-housed mice and rats; indeed, singly housed rats have even been suggested as models for human psychopathology. Avian species such as the zebra fi nch are also colonial in the wild, and social deprivation in these species may result in an abnormal subject. As described above, subjects and stimulus animals can be housed with opposite-sex partners that have been made infertile. However, as the Guide acknowledges, group housing is not appropriate for some species. Syrian hamsters are a solitary species in the wild and an unreceptive female paired with a male may very well kill him. Although the optimal condition varies by species as well as by the scientifi c question, social housing is a critically important factor and requires careful control in any study of social behavior.
A logistical issue relatively specifi c to aggression is that the behavior can result in injury to both the subject and the stimulus animal. Although injuries are distasteful to the investigator and the animal facility, it is very diffi cult to study aggression without the occurrence of injuries. Given the evolutionary signifi cance of aggression and the cost of violence in human society, aggression is well worth studying despite this risk. Since injuries will occur at least occasionally, it is essential to minimize the welfare cost, and there are several strategies to accomplish this. Many studies of aggression measure attack latency and halt the test after the fi rst attack, when there are typically no or very minor injuries (indeed, most of these interrupted attacks fail to break the skin). In studies where the fi ghting is allowed to continue, both combatants are carefully examined after the interaction for wounds that have broken the skin and, if necessary, these wounds are treated. Animals that appear to be in physical distress from their wounds may be euthanized if treatment is unlikely to alleviate the distress. It is important to emphasize, however, that the vast majority of agonistic interactions in laboratory animals do not result in such wounds. In one author's experience (SRW), very few fi ghts result in open wounds and none have been serious enough to warrant euthanasia.
Parental Behavior
Maternal behavior and, when it occurs, paternal behavior constitute parental behavior, which, as with all social behavior, is markedly different among laboratory species. Very few mammalian species display paternal behavior; the California deer mouse (Peromyscus californicus) and the meadow vole (Microtus pennsylvanicus) are two of the rare examples of species studied in the laboratory that display such behavior (Bamshad et al. 1994; Trainor and Marler 2001; Wang and De Vries 1993) . Avian species, by contrast, are generally biparental, possibly because the male can provide nutritive support to the offspring.
As described in Kristal (2008) , there are many measures of maternal behavior in the mammal. Some maternal behaviors, such as nest building, occur before birth whereas others, such as nursing, do not occur until after parturition. Nursing, a commonly measured behavior in mammals, obviously does not apply in zebra fi nches since avian species lack mammary glands.
Often the study of parental behavior necessitates that the subject animals live in special observation cages for a long period of time, but such an arrangement is not always feasible in the animal colony room. Some facilities can accommodate these studies because they have lots of small, isolated rooms, but others cannot. If animals covered by the Animal Welfare Act are removed from the facility for longer than 12 hours, the IACUC must inspect and approve the new location. For animals exempt from the Animal Welfare Act, the PHS policy defi nes this time as 24 hours. This is generally not a problem in principle, but it does require the investigator to provide husbandry care to the animals if they are housed in the lab, and requires approval and monitoring by the IACUC.
General Husbandry Practices that Affect Social Behavior
After determining the conditions for the study of social behavior, the investigator must work with the facility to implement them. In the absence of this communication, the facility will provide care using its standard procedures, the possible effects of which we discuss here. We also offer some recommendations to help improve husbandry for laboratory animals in studies of social behavior.
Sanitation
The Guide and AWA clearly stipulate the frequency and degree of sanitation required for the housing of lab animals, and animal facilities try to ensure clean housing both to promote animal welfare and maintain compliance with these stipulations. However, cage cleaning can affect an animal's social behavior by disrupting its environment, including scent marks (pheromones), nests, and hoarded food. Some species thrive in what humans see as dirty environments and fail in the pristine conditions of the lab. For example, Xenopus frogs breed in polluted stagnant waters in the wild and so are a challenge to house successfully in the laboratory setting. The investigator studying social behavior in rodent species would prefer the longest possible interlude between cage changes to avoid the stress they cause to the subjects. The animal facility is concerned with ammonia levels from urine buildup (rather than fecal soiling per se), since ammonia is a known irritant that can predispose rodents to respiratory pathology. Measuring ammonia levels and removing only the wet soiled bedding of a dirty cage, or returning the nest or a portion of soiled bedding to the clean cage, might be better options for the animal. In the experience of the authors, such requests from investigators are honored by the laboratory animal facility.
Environmental Enrichment
Environmental enrichment is strongly encouraged by the Guide, particularly social or group/pair housing as conspecifi cs are considered the best form of enrichment. However, it is imperative that both the facility and the investigator understand that enrichment is not an inert component of the animal's cage but rather a potential variable in the research project. Studies have shown that enriched environments affect the development and structure of the rodent brain (Dhanushkodi and Shetty 2008; Hull et al. 1976; Lewis 2004; Marashi et al. 2004; Mohammed et al. 2002) and consequently the animals' behavior.
Most facilities routinely provide enrichment (e.g., huts and nestlets), particularly for singly housed animals. From the investigator's point of view, the most important aspect of enrichment is consistency: the enrichment items must be the same for all the subjects and must be present all the time. From the perspective of the lab animal facility, enrichment is critical to improving animal welfare, but facility staff should be cognizant of its impact on research and ensure a consistent and continual supply to manage that impact.
Olfactory Risks
Because many commonly used lab animals are natural predators of each other (e.g., rats are predators of mice), the Guide recommends that multiple species not be housed in the same room. However, odors can inadvertently be transmitted from species to species and room to room via fomites (clothing, hands), and may affect the social behavior of prey species that detect and interpret the odors as impending danger. Investigators studying predator behavior (and, more recently, the effects of stress on behavior) have intentionally introduced the scent of a natural predator into the room or cage of the subject and have shown that it affects the behavior and the physiology of the prey species (Adamec et al. 2004; Apfelbach et al. 2005; Blanchard et al. 2001b; Dielenberg and McGregor 2001; Zhang et al. 2003) . But important questions remain. Does the scent of the predator induce distressing fear in the prey species? How long does the scent need to be present to cause distress? Does removal of the scent relieve the distress? 2 For these reasons the animal facility should locate the holding rooms of natural predators and prey species as far from each other as possible, and be cognizant of the potential to transmit odors from room to room. In addition, all personnel-laboratory staff, animal caretakers, research assistants, maintenance staff, and veterinary staff-should wash their hands (preferably with unscented soap) and change lab coats between rooms.
Barrier Facilities
Behavioral research has traditionally taken place in conventional animal facilities, but the increasing use of transgenic mice as models poses new challenges for studying social behavior in a barrier setting. The animal facility's goals in a barrier unit are to maintain disease-free animals by providing sterile caging and HEPA-fi ltered clean workbenches for husbandry and technical procedures. Once animals leave the barrier unit they cannot return, so all testing must be conducted there as well. However, many barrier facilities are not designed with behavioral testing in mind, so the laboratory animal facility may need to accommodate the investigator's need to relocate animals, use testing rooms, and bring testing and recording equipment into the facility. Options for the latter include dedicating testing equipment to the barrier, sanitizing the equipment if possible (e.g., wiping with disinfectants), or wrapping it in plastic. Plexiglas chambers may be easier to sanitize than items such as cameras. Since all manipulations must be conducted under a HEPA-fi ltered hood, adaptations may be necessary to rig cameras inside the hood. Alternatively, testing may be conducted in a room within the barrier facility but without HE-PA-fi ltered air if animals are sacrifi ced within a couple of days after testing (before succumbing to fatal disease due to immunosuppression).
The allocation of dedicated space for testing and secure storage of equipment may be problematic for the animal facility, particularly in the barrier unit. For the researcher, working in gowns, masks, foot covers, and gloves is cumbersome and unpleasant and may reduce the amount of testing that can be accomplished each day, and the number of personnel permitted or trained to work in the unit may be limited. In addition, stimulus animals require barrier housing specifi cally for the purpose of testing the subjects in the barrier facility. The researcher has less freedom to move animals from room to room, a restriction imposed by the facility to reduce the chance of spreading disease. Alternatives may be to use mice used in social studies in sterile housing (e.g., static microisolater cages) outside the barrier, in the conventional facility, to allow more freedom of movement of personnel, animals, and equipment.
Microbial Control
Occasionally, the animal facility may detect a pathogen in the resident lab colony and need to decontaminate the entire facility to eradicate the disease. In other circumstances, animals used in social behavior studies may be captured and brought in from wild populations. Both of these pose challenges for the animal facility and result in restrictions on the investigator.
Animals may carry zoonotic and/or infectious disease that may be a serious human health risk (e.g., hantavirus) or very contagious to other research animals in the facility. All disease, whether overt or subclinical, can have very deleterious effects on research. It is therefore important to separate animals with known pathogens or of unknown health status from the other research animals and to handle them with precautions sanctioned by the animal facility.
In the event of microbial or viral contamination, the facility will undertake extensive testing, depopulation, quarantine, and/or treatment, any of which may entail restrictions on the movement of animals, movement of personnel into and out of rooms, use of protective apparel, use of testing equipment, and sharing of testing rooms (although the facility may allow some work with animals in quarantine). Furthermore, antimicrobial treatments (even those deemed nontoxic) may have subtle effects on the animals' behavior. Generally the restrictions serve to protect the laboratory animal facility and research integrity as a whole, and the behavioral scientist must comply. For recent reviews of challenges and approaches to the detection and management of microbial contamination in nonhuman primates and in laboratory rodents, see ILAR Journals 49(2) and 49(3) (ILAR 2008a,b) .
Animal Identifi cation
Studies of social behavior require interaction among animals and the identifi cation of the interacting (i.e., subject and stimulus) animals. It is easy to overlook this logistical consideration, and challenging to fi nd a viable solution. If, for example, a study involves testing a male subject C57Bl/6J with a male stimulus C57Bl/6J, it may be very diffi cult to tell the animals apart, and the resulting behavioral analysis will be diffi cult or impossible to interpret. In addition, transgenic animals and their wild-type controls often look identical; again, the animals must be distinguishable for the behavioral analysis to be interpreted. It is impossible to identify individual mice in a cage with cage cards alone, so permanent forms of identifi cation-such as ear tags, ear punches, microchips, or tattoos-are necessary. Alternatively, some creative methods include dying small patches of fur with commercially available hair dyes, bleaching fur with peroxide, and using permanent marker for different numbers or colors of stripes on the tail.
Summary
The study of social behavior in the laboratory is extremely complex because so many factors affect social behavior. We have discussed many factors that are frequently overlooked both by new investigators and by the animal facility staff. With this knowledge, investigators and facility staff can cooperate to optimize laboratory conditions for the study of social behavior. It is also critically important to tailor conditions to the species under study since optimal conditions differ among species. We cannot possibly describe in this review the optimal conditions for every laboratory species, but the principles and applications that we have discussed in the context of the rodent apply to virtually all laboratory species.
